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(54) Control of electrofusion welding operations 

(57) A method and apparatus for controlling the 
application of an alternating source voltage to a proc- 
ess, particularly an electrofusion welding operation, is 
provided to ensure correct voltage level and duration 
application. 

The method of controlling the application of an 
alternating source voltage to a process involves the 
source voltage being applied to a process for a portion 
of the voltage cycle between a starting point and a stop 
point, the, stop point being defined by a point on the 
voltage cycle where the voltage crosses a predeter- 
mined level, the method including:- 

analysing the source voltage to determine the fre- 
quency of the source voltage and/or the timing of 
points corresponding to the predetermined level in 
the source voltage; 

setting a time window based on the frequency of 
the source voltage and/or based on the timing of 
the points corresponding to the predetermined level 
for the source voltage; 

one or more points equating to the predetermined 
level falling within the window being treated as stop 
points and one or more points equating to the pre- 
determined level falling outside the window not 
being treated as stop points. 
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Description 

[0001] This invention concerns improvements in 
and relating to control, and particularly, but not exclu- 
sively to the control of electrofusion welding operations, s 
[0002] Electrofusion is a commonly employed tech- 
nique for joining components together. It is, for instance, 
commonly used for joining lengths of plastics pipes to 
one another through the use of a coupling to which a 
current is applied. Resistance heating in the coupling w 
causes partial melting of that coupling and/or pipes. 
Upon cooling an effective seal is obtained. 
[0003] Electrofusion generally calls for relatively 
rapid loading of the power supply and this can cause 
significant problems. These problems are particularly 15 
acute in the frequently occurring situation where elec- 
trofusion is employed at remote locations where mains 
power supply is not available. The effects of rapidly 
changing loads are particularly pronounced for portable 
generators, for instance. 20 
[0004] It is an aim of the present invention to pro- 
vide apparatus and methods which address these prob- 
lems. 

[0005] According to a first aspect of the invention 
we provide a method of controlling the application of an 25 
alternating source voltage to a process, the source volt- 
age being applied to a process for a portion of the volt- 
age cycle between a starting point and a stop point, the 
stop point being defined by a point on the voltage cycle 
where the voltage crosses a predetermined level, the 30 
method including :- 

analysing the source voltage to determine the fre- 
quency of the source voltage and/or the timing of 
points corresponding to the predetermined level in 35 
the source voltage; 

setting a time window based on the frequency of 
the source voltage and/or based on the timing of 
the points corresponding to the predetermined level 
for the source voltage; 40 
one or more points equating to the predetermined 
level falling within the window being treated as stop 
points and one or more points equating to the pre- 
determined level falling outside the window not 
being treated as stop points. 45 

[0006] In this way the application of the voltage to 
the process is only stopped when a correct crossing of 
the predetermined value is reached and inadvertent 
predetermined value crossings do not interfere with the so 
application of the voltage. 

[0007] The voltage source may be a cyclic source 
Preferably an AC source is used. Preferably the source 
is of substantially fixed frequency. Preferably the 
unloaded source is a sine wave. The AC source may be 55 
from the mains power supply, but is preferably from a 
generator or portable power source. 
[0008] Preferably the process is an electrofusion 



welding operation. Preferably the process involves 
resistance heating of a coupling to join two elements 
and/or of one or both of the elements, most preferably to 
give partial melting. Preferably the elements are con- 
duits for water and/or gas and/or cables. 
[0009] Preferably the portion of the cycle between 
start and stop points is substantially the same between 
cycles. Preferably there are two start points and two 
stop points in each cycle of the source voltage. The 
method preferably excludes other occurrences of the 
predetermined value from being treated as stop points. 
[0010] Most preferably the start point separations 
are defined by the determined frequency. The start point 
occurs with a corresponding frequency, ideally, in such 
cases. Alternatively the start point may be defined by a 
time period elapsed since a stop point occurred and 
most preferably the preceding stop point. Most prefera- 
bly the method excludes other occurrences of the pre- 
determined value from forming false preceding stop 
points. 

[0011] The stop point is preferably defined by the 
first occurrence of the predetermined value occurring 
within the time window. 

[0012] The separation of one or more pairs of 
occurrence of start and stop points may be varied to 
vary the amount of the source voltage applied to the 
process. Increasing the time between a start point and 
a stop point increases the voltage delivery, decreasing 
the separation decreases the voltage delivery. 
[0013] The predetermined level is preferably zero 
voltage. The predetermined level is preferably taken to 
occur when the voltage reaches that level from either 
direction on the voltage cycle. 

[0014] The frequency determination is preferably 
made on an unloaded voltage source. The frequency 
may be based on an average determination over a 
period of time. The source signal may be subjected to 
noise reduction in determining the frequency. Phase 
locked loop processing may be employed in this regard. 
The source signal may be processed to remove har- 
monics. The harmonics removed may be harmonics 
corresponding to a predicted frequency. The source sig- 
nal may be subjected to filtering, most preferably to 
remove high frequencies. A digital low pass filter my be 
used for this purpose. Ideally phase locked loop noise 
reduction, followed by harmonic removal, followed by 
high frequency filtering is applied to the source signal. 
The result of the processing may be defined as the 
underlying voltage cycle. The underlying voltage cycle 
is preferably used to determine the stop points and/or 
the timing of the window. 

[0015] The timing of the predetermined value 
occurrence may be made directly from the source, ide- 
ally unloaded, or the timing may be determined from the 
frequency determination. 

[001 6] The time window may be set to run up to the 
expected predetermined value occurrence point, based 
on the frequency determination or predetermined value 
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occurrence determination. The window may be set to 
run from the expected predetermined value occurrence 
point, based on the frequency determination or prede- 
termined value occurrence determination. Most prefera- 
bly the window extends on either side of the expected 5 
predetermined value occurrence point, based on the 
frequency determination or predetermined value occur- 
rence determination. The window may extend for upto 
10% or for upto 5% or for upto 2% of the cycle duration 
on one or both sides of the expected predetermined w 
value occurrence point. 

[0017] Preferably the first occurrence of the prede- 
termined value within a window is treated as the stop 
point. Preferably the first occurrence of the predeter- 
mined value within a window determines the timing of 15 
the next start point. The timing of the next start point 
may alternatively, or additionally, be determined by the 
frequency determination and or the predetermined 
value occurrence determination made on the source 
voltage. 20 
[0018] Preferably all occurrences of the predeter- 
mined value occurring outside the window are ignored 
for the purposes of forming stop points. Preferably all 
occurrences of the predetermined value occurring out- 
side the window are ignored for the purposes of deter- 25 
mining start points. 

[0019] Preferably the above mentioned screening 
process is provided for cycle after cycle of the source 
voltage, preferably twice in each cycle, ideally once in 
each half of a cycle. 30 
[0020] Preferably the initial start point is set by man- 
ual initiation of the method. Subsequent stop and/or 
start points are preferably determined according to the 
method of the invention. 

[0021 ] Preferably the initial frequency calculation is 35 
compared with a predetermined range. Preferably an 
indication is provided as to sources falling within (suita- 
ble sources) and/or sources falling outside (unsuitable 
sources) the range. 

[0022] The underlying frequency or predetermined 40 
value occurrence, and most preferably stop point occur- 
rence, may be investigated during the process opera- 
tion. The investigation may be conducted by 
considering variations in an averaged frequency against 
an averaged frequency for a preceding period. The pre- 45 
dieted predetermined value occurrence and/or the win- 
dow may be adjusted according to any detected 
variation in the underlying frequency. Systematic varia- 
tion in the underlying frequency overtime is thus 
accounted for. so 
[0023] The extent of the window may be varied dur- 
ing the operation of the process. The extent of the win- 
dow may be reduced from a first extent to a second 
extent, and potentially still further, as the process 
progresses. 55 
[0024] According to a second aspect of the inven- 
tion we provide apparatus for controlling the application 
of an alternating source voltage to a process, the appa- 



ratus receiving the source voltage and applying the 
source voltage to the process for a portion of the voltage 
cycle, the apparatus providing a starting point and a 
stop point between which the voltage is applied to the 
process, the stop point being defined by a point on the 
voltage cycle where the voltage crosses a predeter- 
mined level, the apparatus providing : 

means for analysing the source voltage to deter- 
mine the frequency of the source voltage and/or the 
timing of points corresponding to the threshold in 
the source voltage; 

means for setting a time window based on the fre- 
quency of the source voltage and/or based on the 
timing of the points corresponding to the predeter- 
mined level for the source voltage; 
means for monitoring the level of the source volt- 
age, one or more points equating to the predeter- 
mined level failing within the window being treated 
as step points and one or more points equating to 
the predetermined level failing outside the window 
not being treated as stop points. 

[0025] The apparatus may be provided as a part of 
an electrofusion welding power controller and/or may be 
retro fitted to existing electrofusion welding power con- 
trollers. 

[0026] Various embodiments of the invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings in which :- 

Figure 1 illustrates an ideal source voltage profile; 
Figure 2 illustrates the timing of triac activation; 
Figure 3 illustrates a typical actual source voltage 
profile, for instance that of a portable generator; 
Figure 4 illustrates a typical actual source voltage 
profile under load; 

Figure 5 illustrates a technique according to the 
present invention in which the source voltage profile 
is examined; 

Figure 6 illustrates schematically a control tech- 
nique according to an embedment of the present 
invention; 

Figure 7 illustrates the process of zero signal 
screening; 

Figure 8 illustrates the process of ongoing fre- 
quency monitoring. 

[0027] Electrofusion generally employs resistance 
heating of elements to causing their partial melting and 
so, upon cooling, give a sealed joint The power sources 
used vary depending on the situation. In most "field" 
operations, however, mains power supply is not availa- 
ble and a portable power source such as a generator 
must be used. Even with mains sources, and particu- 
larly with portable sources, problems in controlling the 
operation occur. 

[0028] As shown in Figure 1 , in an ideal world the 
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voltage profile of the power source is a simple, pure sine 
wave 1. The sine wave has a series of zero voltage 
cross-over points 2 during which the voltage passes 
cleanly through zero. 

[0029] Electrofusion operations generally employ a 5 
controlled power device, for instance a triac, to control 
the application of the source voltage, dotted plot in Fig- 
ure 2, to give an applied voltage, solid plot of Figure 2, 
to the resistance heating target. A control signal from 
the apparatus electronics causes the controlled power w 
device to be switched on, time A, for a portion of the 
cycle, in this case portion X. The longer this portion the 
higher the root mean square voltage. Rapid switching of 
the controlled power device on and off obviously occurs 
in such systems, approximate 100 times per second. 75 
Due to the properties the controlled power device 
remains on, and the voltage is applied to the target, until 
a zero in the source voltage occurs, time B, at which 
time the controlled power device switches off. This 
removes the applied voltage from the target. Subse- 20 
quent control signals switch the controlled power device 
on once more at an equivalent part of the source cycle, 
time C. This continues throughout the operation of the 
electrofusion task. 

[0030] Unfortunately the above described operation 25 
represents an ideal situation which does not occur in 
practice. 

[0031] In reality the source voltage profile is not a 
pure sine wave, but indeed contains a substantial 
amount of noise, as illustrated in Figure 3. This loose 30 
approximation to a sine wave in itself causes problems 
as variations in the timing of the cross overs occur. For 
instance, time period between the first zero D and sec- 
ond E is slightly different to time period between zero E 
and zero F. zero F and zero G, between zero G and zero 35 
H and so on. This can result in the timing of the control- 
led power device firing being out and an uneven and 
unknown voltage, and hence heating, being applied to 
the target. This can effect the integrity and/or quality of 
the weld, for instance. 40 
[0032] The position is even worse when the reality 
of the source voltage profile, when a load is applied by 
the electrofusion unit, is considered, Figure 4. The con- 
trolled power device, when ft fires, asks for a very rapid 
increase in current through the system. This is resisted 45 
by the inductor. In responding the net result can be the 
collapse of the source voltage. This gives a very poor 
source voltage profile for control and accuracy pur- 
poses. The profile includes substantial dips K and even 
more significantly false zeros L The dips and false so 
zeros not only impair the power applied, but in the case 
of the false zeros can also lead to premature switching 
off of the controlled power devices and great difficulties 
in providing appropriate switching signals for the con- 
trolled power device. 55 
[0033] In a technique according to the present 
invention the source voltage is examined as an initial 
step. This examination is illustrated in Figure 5 and con- 



sists of a comparison of the apparent frequency 20 of 
the source voltage, unloaded, with predetermined 
thresholds 22, 24. If the source frequency is not within 
this range, for instance 40Hz to 70Hz, then the operator 
is informed that the source is too unsuitable to be used. 
An important monitoring function is provided as a result. 
[0034] This stage of a basic frequency screening 
stage, 100, applied to a source voltage signal, SVS, is 
illustrated in Figure 6 alongside the other stages. The 
stage 100 gives a yes/no indication on the suitability of 
the power source, display 101. 
[0035] The microprocessor provided in the appara- 
tus then analyses, as the next stage 102, the unloaded 
source signal, SVS, with a view to determining an actual 
frequency and hence true zero points for the noisy 
source signal. This process involves a number of proc- 
esses. Firstly, a phase locked loop process 104 is used 
to remove noise from the signal as far as reasonably 
possible to give a cleaned signal SVSC. Secondly, a 
process of removing harmonics, 106, for the generally 
expected actual frequency is applied. Thirdly, high fre- 
quencies are filtered off using a digital low pass filter, 
108. The result of theses steps, 104, 106, 108, is that 
overall stage 102 gives a determined true sine wave sig- 
nal, TSWS, to which the noisy actual signal can be 
attributed. This defines the actual frequency and hence 
the timing of the theoretical zeros which should exist 
can be determined, stage 110, to produce theoretical 
zero times signal, TZTS. 

[0036] Based on these calculations the system can 
be started by the operator manually firing, input MAN, 
the controlled power device control stage 1 12 in the first 
instance to give controlled power device control signal 
TCS which causes the controlled power device 113 to 
fire. 

[0037] As the expected zeros are known, TZTS sig- 
nal, these can be used in the subsequent stages to give 
more accurate further controlled power device firing 
control. 

[0038] In monitoring stage 114 a signal representa- 
tive of the source voltage waveform under load, SVSL is 
considered with time. The monitoring process is illus- 
trated in Figure 7 and is based on the stage being 
aware, due to theoretical zero time signal TZTS, of the 
time of initial firing of the controlled power device, time 
P, and hence the generally expected time, time R, at 
which the next zero is to be expected. The monitoring 
stage applies a screening process in which any zeros 
occurring within a large part of the time between the fir- 
ing P and the expected time of the next zero R are 
ignored. During this time period, period S, the stage 114 
ignores zeros and does not provide any signal to the 
controlled power device control stage 112. As illus- 
trated, therefore, false zero T is ignored. Once the 
appropriate time period, period V, during which zeros 
can reasonably be expected is entered, then the next 
zero encountered, zero W, generates a zero occurrence 
signal, ZOS, which is sent to the controlled power 
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device control stage 112. This signal, ZOS, is used to 
generate the determination of the start of the next cycle 
and hence the time period X before the next controlled 
power device control signal TCS is dispatched by stage 
112. 

[0039] The above mentioned process of screening 
the false zeros out is performed for firing after firing until 
the desired power and/or time and/or current etc has 
been applied to the target and the electrofusion task is 
ended. This will obviously involve many thousands of 
cycles. 

[0040] To ensure that the time delay between the 
signal to fire the controlled power device, TCS, and the 
actual firing of the controlled power device does not 
become significant, the controlled power device sends a 
controlled power device fired signal, TFS, to the control- 
led power device control stage 112 upon actual firing. 
[0041] Even though the initial stage 102 determines 
the underlying frequency for the source signal, 
improved accuracy can be obtained by monitoring the 
underlying frequency during the task. Thus in stage 116 
the separation of the actual zeros occurring in the 
acceptable window of stage 1 14, signal ZOS, is moni- 
tored over time. This stage 1 16 considers whether sys- 
tematic changes in the underlying frequency are 
occurring. 

[0042] The time separation of the zeros used and/or 
the frequency can be used in this consideration. As 
illustrated in Figure 8, schematically, the frequency is 
used. During the first 1000 cycles the distribution of the 
actual frequencies occurring relative to the determined 
frequency 200 is shown by distribution 202. Over time, 
for instance by cycles 8000 to 9000, the distribution may 
have shifted due to a variety of factors, to distribution 
204. Clearly by this second time period, therefore, the 
mean frequency 206 has shifted and a more accurate 
window for tolerable zeros would apply if the new mean 
frequency 206 were applied rather than the only mean 
200. Stage 116 thus generates a theoretical zero time 
adjustment signal, TZAS, which is used by stage 1 10 to 
generate the new theoretical zero time signal, TZTS, for 
monitoring stage 114. 

[0043] The time period and/or number of cycles 
after which the underlying frequency to be applied is 
changed can be set or adjusted according to the practi- 
calities of the situations encountered. 
[0044] Depending on the distribution of the true 
zero occurrence relative to the window set for the toler- 
able zeros, the window can be adjusted over time. Thus 
if the zeros are relatively tightly grouped around the 
determined frequency then a tighter window could be 
applied. Again the window could be tightened and/or 
loosened over time. 

[0045] By controlling the operation of the triac in this 
way the invention ensures that the controlled power 
device is operated at the correct time in the cycle and for 
the correct duration. The accuracy of the application of 
the power to the heating target is improved significantly 



as a result, with improved quality of the result and 
improved assurance as to the quality. 
[0046] Due to the manner in which the improved 
control is provide the system can be provided on new 
5 electrofusion units, but is also suited to retrofitting on 
existing units. 

Claims 

A method of controlling the application of an alter- 
nating source voltage to a process, the source volt- 
age being applied to a process for a portion of the 
voltage cycle between a starting point and a stop 
point, the stop point being defined by a point on the 
voltage cycle where the voltage crosses a predeter- 
mined level, the method including:- 

analysing the source voltage to determine the 
frequency of the source voltage and/or the tim- 
ing of points corresponding to the predeter- 
mined level in the source voltage; 
setting a time window based on the frequency 
of the source voltage and/or based on the tim- 
ing of the points corresponding to the predeter- 
mined level for the source voltage; 
one or more points equating to the predeter- 
mined level falling within the window being 
treated as stop points and one or more points 
equating to the predetermined level falling out- 
side the window not being treated as stop 
points. 

2. A method according to claim 1 in which the start 
point separations are defined by the determined 

35 frequency. 

3. A method according to claim 1 or claim 2 in which 
the stop point is defined by the first occurrence of 
the predetermined value occurring within the win- 

40 dow. 

4. A method according to any of claims 1 to 3 in which 
the predetermined level is a zero voltage. 

45 5. A method according to any preceding claim in 
which all occurrences of the predetermined value 
occurring outside the window are ignored for the 
purposes of forming stop points. 



so 6. A method according to any preceding claim in 
which the window extends on either side of the 
expected predetermined value occurrence point, 
based on the frequency determination or predeter- 
mined value occurrence determination. 

55 

7. A method according to any preceding claim in 
which the frequency determination is made on an 
unloaded voltage source and the frequency may be 
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based on an average determination over a period of 
time. 

8. A method according to claim 7 in which the source 
signal is subjected to noise reduction before deter- 5 
mining the frequency. 

9. A method according to claim 7 or claim 8 in which 
the source signal is processed to remove harmon- 



10. A method according to any one of claims 7 to 9 in 
which the source signal is subjected to filtering to 
remove high frequencies. 

15 

11. A method according to any of claims 7 to 10 in 
which the result of the processing is defined as the 
underlying voltage cycle and the underlying voltage 
cycle is used to determine the timing of the window. 

20 

12. A method according to any preceding claim in 
which the initial frequency calculation is compared 
with a predetermined range and an indication is 
provided as to sources falling within the range 
and/or sources falling outside the range. 25 

13. A method according to any preceding claim in 
which the initial start point is set by manual initiation 
of the method and subsequent stop and/or start 
points are determined according to the method of 30 
any preceding claim. 



means for analysing the source voltage to 
determine the frequency of the source voltage 
and/or the timing of points corresponding to the 
threshold in the source voltage; 
means for setting a time window based on the 
frequency of the source voltage and/or based 
on the timing of the points corresponding to the 
predetermined level for the source voltage; 
means for monitoring the level of the source 
voltage, one or more points equating to the pre- 
determined level failing within the window 
being treated as stop points and one or more 
points equating to the predetermined level fall- 
ing outside the window not being treated as 
stop points. 

18. Apparatus according to claim 17 wherein the appa- 
ratus are provided as a part of an electrofusion 
welding power controller and/or is retro fitted to an 
existing electrofusion welding power controller. 



14. A method according to any preceding claim in 
which the underlying frequency is investigated dur- 
ing the process operation by considering variations 35 
in an averaged frequency against an averaged fre- 
quency for a preceding time period. 

15. A method according to claim 14 in which the pre- 
dicted predetermined value occurrence and/or the 40 
window timing are adjusted according to any 
detected variation in the underlying frequency. 

16. A method according to any preceding claim in 
which the time extent of the window is varied during 45 
the operation of the process. 

17. Apparatus for controlling the application of an alter- 
nating source voltage to a process, the apparatus 
receiving the source voltage and applying the so 
source voltage to the process for a portion of the 
voltage cycle, the apparatus providing a starting 
point and a stop point between which the voltage is 
applied to the process, the stop point being defined 

by a point on the voltage cycle where the voltage 55 
crosses a predetermined level, the apparatus pro- 
viding : 
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